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Acetylcholinesterase  (AChE),  an  enzyme  that  hydrolyses  acetylcholine  (ACh)  at choliner-
gic synapses,  is  a target  for pesticides  and  its  inhibition  by organophosphates  leads  to
paralysis  and death  of  arthropods.  It  has  been  demonstrated  that the  n-hexane  extract
of Calea  serrata  had  acaricidal  activity  against  larvae  of Rhipicephalus  (Boophilus)  microplus
and  Rhipicephalus  sanguineus.  The  aim  of  the  present  study  was  to understand  the  mech-eywords:
cetylcholinesterase
alea serrata
-Hexane extract
hipicephalus (Boophilus) microplus
ats
anism  of the  acaricidal  action  of C. serrata  n-hexane  extract  are  speciﬁcally  to investigate
the in vitro  anticholinesterase  activity  on  larvae  of  R. microplus  and  in  brain  structures  of
male Wistar  rats.  The  n-hexane  extract  signiﬁcantly  inhibited  in  vitro  acetylcholinesterase
activity  in R. microplus  larvae  and  rat brain  structures.  The  results  conﬁrm  that  inhibition
of  acetylcholinesterase  is  a possible  mechanism  of  action  of hexane  extract  at  C.  serrata.. Introduction
The cattle tick Rhipicephalus (Boophilus) microplus
Canestrini, 1887) is a hematophagous parasite that con-
titutes  a major barrier to economic production of beef
nd  dairy cattle. This tick is the vector of several diseases,
uch as bovine babesiosis and anaplasmosis. These diseases
otentially cause morbidity in cattle, leading to economic
osses in tropical and subtropical countries. This tick
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species is responsible for annual losses of 2 billion dollars
in  Brazil (Grisi et al., 2002).
Traditional  control methods, using chemical acaricides
such as organophosphates, formamidines, pyrethroids and
phenylpyrazoles, have been only partially successful due
to  resistance problems (Castro-Janer et al., 2010), use of
chemicals lead to residues in animal products (meat and
milk)  and environmental pollution. However, alternative
acaricides and strategies have been investigated, including
secondary metabolites found in plants as potential sources
for  arthropod control products (Isman, 2006).
Recently, we  demonstrated the acaricidal activity of
Open access under the Elsevier OA license.Calea  serrata Less. (Asteraceae) (Ribeiro et al., 2008, 2011).
This  plant species, known in Southern Brazil as “grass
snake”, “bitter tea” or “breaks everything”, is used in Afro-
Brazilian religious rituals and in folk medicine to treat
ry ParasV.L.S. Ribeiro et al. / Veterina
ulcers and liver diseases (Simões et al., 1990; Vendruscolo
and Mentz, 2006). The n-hexane extract of C. serrata
demonstrated activity against larvae of R. microplus and
Rhipicephalus sanguineus (Ribeiro et al., 2008). However, it
is important to understand the mechanism of the acaricidal
action of this extract.
Previous phytochemical studies carried out by
Steinbeck et al. (1997) revealed the presence of chromenes
(eupatoriocromene and precocene II) in the n-hexane
extract of this plant. Several chromenes are known to
have insecticidal and acaricidal actions (Addor, 1994).
Precocene II can affect the endocrine system of insects,
acting as antagonists of juvenile hormone (Bowers et al.,
1976; Pamo et al., 2004). The endocrine regulation of the
life cycle of insects is based on ecdysteroids (ecdysone and
20-hydroxyecdysone), juvenile hormone, and a myriad of
neurosecretory peptide hormones. The ecdysteroids have
an important role in endocrine regulation of development
and reproduction in ticks (Rees, 2004; Seixas et al., 2010),
although the occurrence of juvenile hormone or juvenile
hormone-like molecules nowadays is not clear in tick
species (Neese et al., 2000).
Esterases, a group of multifunctional enzymes, are
related to several physiological activities, such as reg-
ulation of juvenile hormone levels, digestive processes,
reproductive behavior and nervous system functions
(Galego et al., 2006). Carbamate and organophosphate
compounds have the same mechanism of action, based on
the inhibition of acetylcholinesterase (AChE) in the nervous
system. Their inhibitory action on insect AChE function pro-
longs the neural excitation caused by the neurotransmitter
acetylcholine leading to neuromuscular paralysis (Lees and
Bowman, 2007) and death (Tan et al., 2011). AChE activity
has been demonstrated in homogenates from R. microplus
larvae (Roulston et al., 1966). Bafﬁ et al. (2007) described
different expression patterns of esterases in the develop-
ment stages of R. microplus.  Three enzymes, called EST-1,
EST-2 and EST-5, occurred in larvae and were classiﬁed as
AChEs based on assays with inhibitors.
The aim of this study was to determine the effect of the
n-hexane extract of C. serrata on AChE activity in larvae R.
microplus as well as in the brain structures, frontal cortex,
striatum and hippocampus of Wistar rats.
2. Materials and methods
2.1. Plant material and preparation of the n-hexane
extract
Plant material of C. serrata (leaves and stems) was
collected in Porto Alegre, Rio Grande do Sul, Brazil, in
December 2009 and January 2010. The plant was identiﬁed
by Sérgio Bordignon (Departamento de Botânica, Centro
Universitário La Salle). The voucher specimen (ICN 124883)
was deposited in the Herbarium of the Universidade Fed-
eral do Rio Grande do Sul.
Air dried and powdered plant material (200 g) was
processed by maceration with n-hexane [1:10 (w/v)].
Solvent exchanges were performed until the material
become colorless. The extract was then evaporated to dry-
ness under reduced pressure, treated with acetone anditology 189 (2012) 322– 326 323
subsequently ﬁltered and evaporated, resulting an extract
rich in chromenes and free of epicuticular waxes and other
undesirable compounds. The n-hexane extract of C. serrata
was thoroughly solubilized in ethanol (90%) and ﬁnal con-
centrations of 1.5, 3 and 6 mg/mL  were obtained. Previous
studies demonstrated that ethanol at the ﬁnal concentra-
tion employed did not induce lethality in the larvae of R.
microplus (Gonc¸ alves et al., 2007).
2.2. Ticks
R. microplus ticks of a susceptible reference strain
(Mozzo strain) were provided by Instituto de Pesquisas
Veterinárias Desidério Finamor. Engorged females of R.
microplus were collected from infested cattle, washed with
water and dried in paper towel. These females were incu-
bated at 27 ◦C and 70–80% relative humidity for 14 days to
obtain eggs. For assays, 10-day-old larval ticks were used.
2.3. In vitro AChE activity from larvae of ticks
Pools of 100 mg  of R. microplus larvae were homoge-
nized in 10 volumes (1:10) of ice-cold 50 mM  phosphate
buffer (pH 7.0) containing 0.5% Triton-X 100, and
homogenate was centrifuged at 2500 × g for 10 min  at
4 ◦C. The resulting supernatants were used as the enzyme
source. AChE activity was  determined by slight modiﬁ-
cations of the colorimetric method described by Ellman
et al. (1961) and Baxter et al. (1999) using acetylthiocholine
iodide (ATChI, 1 mM)  as substrate. The n-hexane extract
of C. serrata (ﬁnal concentrations 1.5, 3 and 6 mg/mL) was
incubated at 25 ◦C for 60 min  with the enzyme source.
Absorbance was  measured at 412 nm,  and AChE activity
was estimated through differences in dA/min. Each sample
was assayed in triplicate.
2.4. Rats
Male Wistar rats at 3–4 months of age were obtained
from Reproduction and Experimental Animal Center
(CREAL, Universidade Federal do Rio Grande do Sul, Porto
Alegre, RS) and maintained under controlled light and
environmental conditions (12 h light/12 h dark cycle at
22 ± 2 ◦C), with food and water ad libitum,  in Biotério Seto-
rial of the Departamento de Farmacologia, Instituto de
Ciências Básicas da Saúde, Universidade Federal do Rio
Grande do Sul, Porto Alegre, RS. Procedures were per-
formed in accordance with the NIH Guide for the Care
and Use of Laboratory Animals and Local Ethics Commit-
tee approved all handling and experimental conditions. In
addition, all efforts were made to minimize animal suf-
fering and the number of animals needed in this work.
We  used the brain structures of the same animals in all
tested concentrations in an attempt to maximize the data
obtained from an individual animal in compliance with
ethical principles.2.5. In vitro AChE activity from brain structures of rats
Rats were decapitated and the brain was  quickly
removed, placed on an ice-cold plate and washed with
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Fig. 1. Effect of n-hexane extract (1.5, 3 and 6 mg/mL) of Calea serrata
on  AChE activity reduction in the larvae of Rhipicephalus (Boophilus)
microplus.  AChE activity reduction (as percentage of the control group)
after 60 min  of incubation. The results were expressed as median,
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Fig. 2. Effect of n-hexane extract (1.5, 3 and 6 mg/mL) of Calea serrata in
brain structures of rats: (A) frontal cortex, (B) striatum and (C) hippocam-
pus. AChE activity reduction (as percentage of the control group) after
60 min  of incubation. The results were expressed as median, 25th per-5th percentile, 75th percentile, minimum and maximum values.
ruskal–Wallis followed by Dunn test; *values signiﬁcantly different from
orresponding control group; *P < 0.05, **P  < 0.01, ***P < 0.001.
ced buffer (0.5 M sodium phosphate, pH 7.5). The frontal
ortex, hippocampus and striatum were rapidly removed,
omogenized in 10, 10 and 100 volumes of buffer, respec-
ively, and centrifuged at 900 × g for 10 min. The resulting
upernatants were used as the enzyme source. All steps
ere carried out at 4 ◦C. AChE activity was determined by
light modiﬁcations of the colorimetric method described
y Ellman et al. (1961).  The n-hexane extract of C. serrata
ﬁnal concentrations 1.5, 3 and 6 mg/mL) was incubated at
5 ◦C for 60 min  with the enzyme source, 5-5′-dithio-bis(2-
itrobenzoic acid) and ATChI in 50 mM phosphate buffer,
H 7.0. Absorbance was  measured at 412 nm, and AChE
ctivity was estimated through differences in dA/min. Each
ample was assayed in triplicate.
.6. Statistical analysis
The results were expressed as median (25th/75th
f percentiles) values. The pattern of distribution was
ssessed before statistical testing. Kruskal–Wallis followed
y Dunn’s multiple comparison test was employed. Signif-
cance was assumed as P < 0.05.
. Results
The effect of C. serrata n-hexane extract on AChE activ-
ty is shown in Figs. 1 and 2. The results revealed that this
xtract signiﬁcantly reduced AChE activity. The inhibition
as signiﬁcant at 1.5, 3 and 6 mg/mL  to larvae R. microplus
hen compared to control group (Fig. 1; H(4) = 20.870,
 = 0.0001; Kruskal–Wallis test followed by Dunn’s post
oc). In addition, 3 and 6 mg/mL  C. serrata n-hexane extract
igniﬁcant reduced AChE activity in homogenated brain
reas of Wistar rats, namely frontal cortex, striatum and
ippocampus (Fig. 2A, H(3) = 18.250, P < 0.001; Fig. 2B,
(3) = 14.150, P = 0.0027; Fig. 2C, H(3) = 15.009, P = 0.002,
espectively; Kruskal–Wallis test followed by Dunn’s post
oc). Although 1.5 mg/mL  C. serrata n-hexane extract did
ot signiﬁcantly inhibit AChE activity in brain areas, dif-
erently from R. microplus larvae, a similar proﬁle was
bserved.centile, 75th percentile, minimum and maximum values. Kruskal–Wallis
followed by Dunn test; *values signiﬁcantly different from corresponding
control group; *P < 0.05, **P < 0.01.
4. Discussion
Our results indicated that the n-hexane extract of
C. serrata possess inhibitory activities against AChE. The
cholinergic system has been recognized as a target for
acaricides since organophosphates are potent tick control
agents (Lees and Bowman, 2007). Our data suggest that the
n-hexane extract of C. serrata acts as an AChE inhibitor.
The AChE inhibition in the larvae of this tick was signiﬁ-
cant at all three concentrations tested (1.5, 3 and 6 mg/mL).
The data obtained in this work could explain, at least in
part, results obtained by Ribeiro et al. (2008),  where the
acaricidal activity on larvae of R. microplus was tested in
similar concentrations. The n-hexane extract of C. serrata
induced 80% and 100% of lethality of R. microplus at concen-
trations of 3.12 and 6.25 mg/mL, respectively, in the larval
immersion test (LIT), while 1.56 mg/mL  did not exhibit
any activity (Ribeiro et al., 2008). Although in vitro AChE
ry ParasV.L.S. Ribeiro et al. / Veterina
inhibition occurred at the concentration of 1.5 mg/mL, such
concentration could not be sufﬁcient to kill R. microplus lar-
vae in in vivo bioassay. The authors hypothesized that the
extract toxicity was associated with the presence of pre-
cocene II, the major component of the extract, this was
revealed ﬁrst in C. serrata lipophilic extract by Steinbeck
et al. (1997).  In the LIT carried out with the isolated pre-
cocene II, this compound killed approximately 50% of the
larvae at the concentration of 1.56 mg/mL  (Ribeiro et al.,
2011). On the other hand, the essential oil of C. serrata
containing approximately 30% precocene II, which was
more active in the LIT than the puriﬁed precocene II.
Thus, the acaricidal activity of the essential oil may  be a
result of a synergistic effect of precocene II and other com-
pounds, such as the sesquiterpenes, that are present in the
oil (Ribeiro et al., 2011).
Sesquiterpene hydrocarbons were detected in this
essential oil, including germacrene D (26.4%), -selinene
(10.0%) and bicyclogermacrene (7.4%) (Ribeiro et al., 2011).
Previous studies have shown that monoterpenes and
sesquiterpenes can act as cholinesterase inhibitors (Loizzo
et al., 2008, 2010).
Savelev et al. (2003) described a complex interaction
between terpenoid constituents of Salvia lavandulaefolia,
which can be either synergistic or antagonistic interac-
tions when tested against on AChE activity. The authors
suggested that these interactions differ depending on
absolute concentrations as well as ratios between the
agents. It is important to note that germacrene D has
demonstrated larvicidal activity against Aedes aegypti and
Anopheles stephensi (Kiran et al., 2006). Besides, Bruce
et al. (2005) observed that germacrene at the levels found
within the oil of Hemizygia petiolata inhibited the aphid
alarm pheromone activity in both Acyrthosiphon pisum
and Myzus persicae. In addition, the essential oil of Salvia
chionantha demonstrated mild acetylcholinesterase and
butyrylcholinesterase inhibitory activity (Tel et al., 2010)
and germacrene D was found to be the major compound
in the essential oil of this plant species (Bagci and Koc¸ ak,
2008).
Interestingly, cholinesterase inhibition is a mechanism
of action of organophosphorus compounds, these can lead
to intoxication characterized by physical and neurobehav-
ioral symptoms, such as depression, anxiety, and cognitive
impairments (Salvi et al., 2003). Organophosphorus com-
pounds irreversibly central and peripherally inhibit AChE
activity resulting in stimulation of cholinergic synapses
(Carr et al., 2001). Considering that C. serrata n-hexane
extract inhibited in vitro AChE of all tested brain areas
from Wistar rats, we can suggest cholinergic side-effects
of this extract and its consequently toxicity in mammals.
Although in vivo studies of C. serrata n-hexane extract or
their individual compounds are necessary in order to con-
ﬁrm the mammal  toxicity, since processes of absorption
may  interfere on xenobiotic effects. On the other hand,
inhibition of AChE is an important approach in the man-
agement for Alzheimer’s disease, senile dementia, ataxia,
myasthenia gravis and Parkinson’s disease (Brenner, 2000;
Rahman and Choudhary, 2001). Accordingly, the discovery
of new molecules from plants can be a potential therapeutic
strategy for the prevention and treatment of AD.itology 189 (2012) 322– 326 325
To the best of our knowledge, we  herein report the ﬁrst
ﬁndings on cholinesterase inhibitory activity of C. serrata.
The n-hexane extract of C. serrata inhibited AChE activity on
the larvae of R. microplus and in brain structures of rats. We
can suppose that this effect may  be related to its ticks toxi-
city. Moreover, the chemistry is not exhausted at this point
and it is important to ﬁnd out what or which substances
are responsible for inhibitory AChE properties of n-hexane
extract from C. serrata.  Additionally, in vivo studies, using
both ticks and mammals, must be performed.
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